The separate and joint effects of cigarette smoking and alcohol consumption on serum activities of the enzymes aspartate aminotransferase (AST), alanine aminotransferase (AL T) and y-glutamyl transferase (GGT) were investigated in 46775 men attending the BUPA Health Screening Centre in London during the period 1983-1987, after allowing for differences in age, body mass index and exercise level. As expected, all showed a significant positive correlation with alcohol consumption. Cigarette smoking produced a significant increase in GGT activity in all drinking categories bar teetotallers, particularly for those smoking more than 20 cigarettes per day. There were no changes of clinical significance in AST or ALT activities with smoking. We postulate that the combined effects of alcohol and smoking on GGT activity are a result of induction of the enzyme by both alcohol and nicotine. Smoking as well as drinking habits should be taken into account when assessing the significance of an individual's enzyme activities.
SUMMARY. The separate and joint effects of cigarette smoking and alcohol consumption on serum activities of the enzymes aspartate aminotransferase (AST), alanine aminotransferase (AL T) and y-glutamyl transferase (GGT) were investigated in 46775 men attending the BUPA Health Screening Centre in London during the period 1983-1987, after allowing for differences in age, body mass index and exercise level. As expected, all showed a significant positive correlation with alcohol consumption. Cigarette smoking produced a significant increase in GGT activity in all drinking categories bar teetotallers, particularly for those smoking more than 20 cigarettes per day. There were no changes of clinical significance in AST or ALT activities with smoking. We postulate that the combined effects of alcohol and smoking on GGT activity are a result of induction of the enzyme by both alcohol and nicotine. Smoking as well as drinking habits should be taken into account when assessing the significance of an individual's enzyme activities.
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In a previous study! of the separate but not combined effects of alcohol consumption, cigarette smoking, exercise and body mass on the liver enzymes gamma glutamyl transferase (GGT), alanine aminotransferase (AL T) and aspartate aminotransferase (AST), it was concluded that cigarette smoking had a significant effect on GGT activity, but only a weak effect on ALT and AST. Using multivariate analysis, the changes in the activities of the latter two enzymes with smoking were found to be nonsignificant. Along with alcohol consumption, body mass index was found to be a significant factor in producing an increase in the serum enzymes. The study involved 15740 men attending the BUPA Health Screening Centre in London in 1987.
In the present study, using a larger number of men attending the same centre, the separate and combined efects of smoking and alcohol consumption on liver enzymes have been assessed in a dose-related manner.
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SUBJECTS AND METHODS
A total of 46775 men attending the BUPA Health Screening Centre in London during the period 1983-1987 were studied. They were predominantly from socio-economic groups A, Band CI, and attended the Centre either of their own volition or as part of a corporate health care scheme.
Each subject completed a questionnaire which included questions as to whether he was a lifelong non-smoker, an ex-smoker or a current smoker of cigarettes. All ex-smokers were grouped together in the same category, as information regarding how long an individual had given up smoking was not available. Current smokers were asked to state how many cigarettes they smoked each day, artd were then divided into four groups: those smoking 1~1O, 11-20,21-30 or 31 + cigarettes per day.
Each subject was also asked whether he was teetotal, an occasional drinker or a regular drinker. If a regular drinker he was asked how many units of alcohol he consumed each day. A unit is a half a pint of beer (330 mL), a glass of wine (150mL) or a single measure of spirits (20mL). The subjects were then divided into seven groups: teetotal, occasional drinkers, and those regularly consuming 1-2, 3--4, 5--6, 7-8 or 9 + units per day. An occasionally drinker was someone who did not drink regularly, i.e. did not in general have an alcoholic drink every day.
In additioh, exercise level was recorded and subjects were classified as being inactive (no exercise), mildly active (irregular exercise, insufficiently strenuous to cause breathlessness), moderately active (strenuous exercise once a week) or active (strenuous exercise two or more times per week). Body mass index (BMI) was measured as (weight in kg)j(height in metresj.?
All subjects were requested to fast for at least 6 h prior to their visit. Blood samples were collected between 0900 hand 1700 h and specimens were sent to the laboratory twice daily. A detailed description of the method of blood collection and the laboratory methods used is given in a previous publication."
All specimens were analysed by JS Pathology Services (London, UK). Serum activities of AST, AL T and GGT were measured using a Technicon SMAC Analyser. The laboratory practised strict internal and external quality control techniques, and used calibrants supplied by the manufacturer. ALT measurements were available only for the years 1986 and 1987, giving a total of 17656 subjects with a value for this enzyme.
Statistical analysis was carried out using the package SPSSjPC + ®. As all three enzymes showed marked skew distributions, logarithmic transformations were applied before statistical analysis. In each case this resulted in a reasonable approximation to a Gaussian distribution. For example, for GGT the skewness was reduced from 7-4 to 0'6, and the kurtosis from 98·6 to 1·3. Results are presented in tabular form, with geometric means and standard deviations for each parameter (i.e. the antilogged means and standard deviations of the transformed variables) being reported for each combination of smoking and drinking habit. Multiple linear regression analysis was used to assess trends in enzyme activities with smoking and drinking, whilst allowing for the effects of differences in age, BMI and exercise level between the different groups. Trends with increasing alcohol consumption within each smoking group, and with increasing cigarette consumption within each drinking category, were tested by regressing the value of the parameter on daily consumption of alcohol or number of cigarettes smoked, respectivelyalong with age, BMI, and three variables related to exercise level.
The significance levels of these tests are indicated in the margins of Tables 2, 3 and 4. For example, a symbol alongside a row of one of the tables indicates the significance level of the trend with alcohol in the smoking category corresponding to that row. Likewise, a symbol at the foot of a column gives the significance level for the trend with smoking in the corresponding drinking group.
Ex-smokers were excluded when calculating trends with smoking, because of the heterogeneity of this group-although results for exsmokers were generally intermediate between those of non-smokers and smokers. Likewise, teetotallers were excluded from the regression analysis of enzyme changes with drinking, since such a group would be a mixture of those subjects who had never taken alcohol and those who had given up for a variety of reasons, including alcohol abuse or other medical grounds. Moreover, we had no record of how long an individual had been teetotal. Table 1 shows the number of subjects in each of the 42 different combined categories of declared smoking and alcohol consumption. Also shown are the mean age and body mass index of the subjects in each of these categories. There is a wide variation in the number of subjects in each group, and only when there are 30 or more subjects in a particular category are the laboratory results reported in the subsequent tables. For AST and GGT, two of the 42 categories contained less than 30 results. In particular, there was a dearth of teetotallers smoking more than 20 cigarettes per day. For ALT, a further three categories (all comprising those who smoked 1-10 cigarettes per day) contained too few results.
RESULTS
The mean age of the groups varied from 38·6 to 48·2 years. Ex-smokers were on average some 4 years older than non-smokers and 5 years older than smokers. Of the smokers, those smoking more than 30 cigarettes a day were the oldest. Among the drinking groups, those consuming alcohol only occasionally were the youngest, and the teetotallers the oldest.
Teetotallers had a higher BMI than those who drank alcohol occasionally. For the non-smokers and ex-smokers there is a consistent increase in BMI with increasing consumption of alcohol, but this is not seen in those who smoke.
GGT showed a positive correlation with age, and AST and ALTa negative correlation. There was a strong positive correlation between the activities of all three enzymes and BM!. Increasing exercise levels were associated with decreases in all three enzymes. This effect was particularly marked in the case of GGT. The effects of age, BMI and exercise were allowed for when assessing the statistical significance of the trends in enzyme activities with smoking and alcohol. Table 2 records geometric mean AST activity by smoking and drinking habits. There was a highly significant positive relationship between AST activity and alcohol consumption, which Ann cu« Biochem 1996: 33 was observed for all smoking categories. Cigarette smoking produced a reduction in AST activity in teetotallers, occasional drinkers and those drinking 1-2 units/day. Although these changes were statistically significant, they were small and of no clinical importance in interpreting results. There were no significant trends with smoking habit in those consuming larger quantities of alcohol.
Similarly, AL T activity increased significantly with increasing alcohol consumption in all smoking categories (Table 3 ). There was no significant relationship between AL T activity and smoking in any of the drinking categories.
For both AST and AL T, mean activities in those drinking 9 + units of alcohol/day were 30-40% higher than those in occasional drinkers. However, changes in mean activity between non- smokers and those smoking more than 30 cigarettes per day were only of the order of 3 or 4%. Table 4 shows geometric mean GGT activity by smoking and drinking habit. As expected, in every smoking category there was a highly significant rise in GGT activity as the daily consumption of alcohol increased, with mean activities In heavy drinkers (7 + units/day) being, in general, more than double the mean also new. This work shows that cigarette smoking significantly increases the activity of GGT in drinkers. The Trornse Study.!? which investigated the factors affecting GGT in approximately 10000 individuals of each sex in Norway between 1986 and 1987, found that 'the use of alcohol was an important predictor for elevated GGT in both sexes', but that BMI was the single most important determinant of GGT activity. They found a positive association between daily cigarette smoking and GGT activity in women, but no significant smoking effect in men. Likewise, a Japanese study" of 2494 male selfdefence officials found strong positive correlations between GGT and both alcohol and BMI, but only a moderate association with smoking.
Effects of alcohol consumption and smoking habit on y-glut(l1flyl transferase activity (UIL)
In our study, the relationship between smoking and GGT activity became stronger as the quantity of alcohol consumed increased. Failure to consider the two habits in conjunction may account for the absence or weakness of the relationship found in the earlier studies.
No attempt was made in our study to verify the self-reported cigarette and alcohol consumption figures, although previously published evidence'? showing linear relationships between red blood cell count and declared units of alcohol consumed, and between white cell count and declared number of cigarettes smoked, indicate that in general subjects answered the questions truthfully. In any event, misclassification would tend to blur differences between the groups and reduce the significance of any trends.
It may be argued that subjects who smoke heavily might be tempted to under-report their alcohol consumption. If this were the case, we would expect to see inflated standard deviation values for the enzymes in the group of heavy smokers with light alcohol consumption, as this group would be a mixture of truthful light drinkers and untruthful heavy drinkers. This phenomenon is not observed in our data.
Increases in AST and ALT activities with increasing alcohol consumption have been associated with damage both to the liver and other systems. Nicotine, however, has not been associated with liver damage. GGT is known to be induced in response to alcohol/' The finding of a smoking effect on GGT but not on AST or ALT suggests that GGT may also be induced by nicotine.
GGT values are often combined with mean cell volume (MCV) measures in assessing alcohol abuse. It is of interest that MCV, like GGT, is increased not only by alcohol consumption but also by smoking.'? It is important therefore to take the subject's smoking habit into account when considering these two tests in combination.
